PURPOSE Medication nonadherence, inconsistent patient self-monitoring, and inadequate treatment adjustment exacerbate poor disease control. In a collaborative, team-based, care management program for complex patients (TEAMcare), we assessed patient and physician behaviors (medication adherence, self-monitoring, and treatment adjustment) in achieving better outcomes for diabetes, coronary heart disease, and depression.
INTRODUCTION
P atients with multiple chronic diseases experience unfavorable health outcomes [1] [2] [3] [4] and give rise to challenges in patient care and medical costs. 5, 6 Competing demands and fragmented care contribute to poor disease control among patients with multiple conditions. [7] [8] [9] Such patients often seek care from various clinicians, receive complex medication regimens, and are at high risk of harmful drug interactions. 10 Primary care physicians manage these patients with limited support for care coordination. 11 Clinical uncertainty, inadequate patient self-monitoring, deficiencies in medication adherence, and delayed treatment adjustments con-tribute to unsatisfactory disease control among complex chronic disease patients. [12] [13] [14] [15] [16] Thus, it is not surprising that inadequate medication management is found in one-half to two-thirds of patients with uncontrolled diabetes and coronary heart disease. 17 When comorbid depression is also present, which occurs in up to 20% of patients with diabetes, health care costs and risks of adverse outcomes are further magnifi ed. [18] [19] [20] [21] [22] [23] [24] [25] Depressed chronic disease patients are less likely to adhere to prescribed medication and self-care regimens. 26, 27 Chronic disease care management interventions have mainly focused on single conditions, even though patient adherence decreases as the number of prescribed medication increases. 28, 29 We developed a patient-centered, team-based intervention to improve patient self-monitoring, medication adherence, and timeliness of treatment adjustment among patients with multiple conditions, depression, and poorly controlled diabetes or coronary heart disease. 30 As previously reported, the TEAMcare group improved glycated hemoglobin levels, low-density lipoprotein levels, blood pressures, and depression outcomes 31 relative to a group receiving usual care. Moreover, this intervention enhanced quality of life and reduced disability. 32 We hypothesized that possible mechanisms for improving disease control outcomes included patient self-monitoring, patient medication adherence, and physician treatment adjustment. This article examines these modifi able patient and clinician factors among complex patients and assesses how a collaborative, team-based, care management program differed from usual care. 
METHODS

Setting and Participants
Patients
We identifi ed patients with poorly controlled glycated hemoglobin (HbA 1c ) levels (≥8.5%), elevated blood pressure (>140/90 mm Hg), or elevated lowdensity lipoprotein (LDL) cholesterol values (>130 mg/dL) from electronic health records. Eligibility also required a depression score of 10 or higher on the 9-item Patient Health Questionnaire (PHQ-9). 34 Exclusion criteria were terminal illness, residence in long-term care, severe hearing loss, planning bariatric surgery, pregnancy or nursing, ongoing psychiatric care, bipolar disorder or schizophrenia, antipsychotic or mood stabilizer medication use, or mental confusion suggesting dementia. After randomization into TEAMcare group, usual care patients were advised to consult their primary care physician to receive care for depression, diabetes, or coronary heart disease. Since 2006, primary care services at Group Health have been organized as a medical home model. Patients receiving usual care obtain most of their health care needs from their primary care physicians and team members (medical assistants, nurses, and clinical pharmacists). Patients can self-refer or be referred for specialty services, including mental health.
For each intervention and usual care patient, physicians received notifi cations of depression, poor medical disease control, and laboratory test results at baseline, 6 months, and 12 months. Physicians were responsible for medication management for both care management and usual care patients.
Randomization and Intervention
After obtaining informed consent and confi rming study eligibility via baseline interview, patients were randomly assigned to treatment group using a permuted block design with randomly selected block sizes of 4, 6, and 8 patients. After baseline evaluation, a study nurse contacted patients assigned to TEAMcare to initiate treatment.
Intervention: Multi-Condition Collaborative Care Management (TEAMcare) The intervention distilled elements from collaborative care for depression, 35, 36 the chronic care model, 37, 38 and treat-to-target strategies initially developed for diabetes. 39 An integrated and consistent approach was applied systematically across 3 chronic illnesses (diabetes, depression, and coronary heart disease).
A nurse care manager was responsible for enhancing patient self-management, responsiveness and continuity of care, systematic follow-up, and working with the primary care physicians (Table 1) . Patients were key members of the team. 40 Nurse care managers worked with patients and physicians to identify patient-centered selfcare goals and clinical targets and to develop individualized care plans. They motivated patients to carry out specifi c self-care activities, using morale-boosting, educational, and problem-solving strategies. Nurses tracked patient progress using a care management information system, and they regularly reviewed the caseload with a consulting psychiatrist and internist or family physician. During weekly caseload reviews (treat-to-target reviews), physician consultants recommended treatment adjustments to achieve individualized targets for
clinical parameters (eg, PHQ-9 score, blood pressure) and ensured accountability for follow-up of the entire caseload. Care managers ascertained whether the physicians would implement recommendations for treatment changes. In a proactive manner, nurses monitored patients with visits or telephone calls, initially 2 to 3 times a month, administered the PHQ-9 depression questionnaire, reviewed home glucose and blood pressure values and laboratory tests, and enhanced medication adherence. When patients achieved self-care goals and clinical targets, they worked with care managers to formulate maintenance and relapse prevention plans for follow-up with their primary care team. Care managers offered more frequent contacts or scheduled follow-up visits with physicians for patients who failed to meet clinical targets.
Outcomes and Follow-up
Self-Monitoring and Medication Adherence
We used automated pharmacy refi ll data in the 12 months before and after baseline to assess medication adherence by calculating percentage of days in the year that a patient obtained medicines from prescription fi lls divided by the number of days the patient should have been on the medication derived from a continuous, multiple gaps in therapy method. 39 This adherence measure has been validated against serum and urine drug levels, medical costs, and clinical effects, such as blood pressure measures. 41, 42 The continuous measure of medication gaps was initially calculated for each medication class. Because hyperglycemia, hypertension, and hyperlipidemia are often treated with multiple medications, we defi ned adherence as the average adherence for each prescribed medication class used to treat each disease parameter, weighted by the number of days within each observation window for each medication (ie, the time between the fi rst and last prescription fi ll). 17 The Summary of Diabetes Self-Care Activities questionnaire was adapted to assess the number of days in the prior week that patients measured home blood glucose and blood pressure. 43 
Treatment Initiation and Adjustment
Medications used in this intervention were predominantly generic, and common fi rst-or second-line agents. In this sample of patients who met criteria for poorly controlled parameters of diabetes, coronary heart disease, and depression, we evaluated whether treatment changes differed between patients receiving usual care and TEAMcare. Pharmacotherapy adjustments were defi ned by (1) increase in the number of medication classes prescribed, (2) change in dosage for at least 1 medication class, (3) switch to a medication in a different class, or (4) switch to a different medication within the same class during the 12-month intervention. Medication adjustment includes initiations and subsequent treatment changes. We then determined the time to fi rst adjustment. 44 Five medication classes were examined: (1) antihypertensive medications (angiotensin-converting enzyme [ACE] inhibitors/angiotensin receptor blockers, diuretics, β-adrenergic blockers, calcium-channel blockers; (2) oral hypoglycemic medications (biguanides, sulfonylureas, thiazolidinediones), (3) insulin; (4) lipid-lowering medications (statins, fi brates, bile acid resins, ezetimibe, and niacin); and (5) antidepressant medications (selective serotonin reuptake inhibitors, bupropion, serotonin-norepinephrine reuptake inhibitors, trazodone, and tricyclics). Combination pills were included in 2 classes (ie, lisinopril and hydrochlorothiazide in ACE inhibitors and diuretics). 44 A chart review of all patients fi lling insulin prescriptions assessed initiation, timing, and insulin titration during the 12-month period. Start of insulin therapy and a change in insulin type, dosage, or use of a sliding scale was recorded as a treatment adjustment.
Blood pressure and HbA 1c were measured in person at baseline, 6 months, and 12 months, with fasting LDL cholesterol values obtained at baseline and 12 months. Telephone interviewers assessed depression symptoms (PHQ-9) at baseline, 6 months, and 12 months. All laboratory tests were performed at Group Health laboratories and entered into the electronic health record with physician notifi cation.
Statistical Analyses
Cumulative incidence curves were used to describe TEAMcare vs usual care differences in time to fi rst treatment adjustment across 5 medication classes. 45 We examined the incidence of adjustment for each medication class for intervals between baseline, 30 days, 60 days, 90 days, and 1 year. We tested for intervention vs usual care differences in overall fi rst treatment adjustment at 1 year using Pearson's χ 2 tests. We used Poisson regression models to estimate the relationship between randomization groups and 1-year rates of adjustment, while controlling for baseline clinical values. Robust (Huber-White) standard errors were used to compute 95% confi dence intervals (CIs) for rates and baseline controlled relative rates (RRs). Statistical analyses were carried out using SAS 9.2 (SAS Institute, Cary, North Carolina) and Stata 11.0 (StataCorp, College Station, Texas). Figure 1 displays the study recruitment fl ow diagram. Among the 214 patients who were enrolled in the trial, 106 were randomized to the TEAMcare group, and 108 were randomized to the usual care group; 33 were excluded (ie, 16 disenrolled from Group Health Cooperative before 12 months of follow-up and 17 remained enrolled but reported fi lling their prescriptions outside Group Health). Complete pharmacy data were available for 181 (84.6%) patients (TEAMcare = 91, usual care = 90). The TEAMcare and usual care patient groups showed similar demographic characteristics (mean age = 56.8 years, SD = 11.3; male = 47.6%). At baseline, the 2 groups had similar clinical characteristics and percentage receiving pharmacotherapy, except that more patients in the intervention group than the usual care group received oral hypoglycemic agents (Table 2) . During the 12 months, both groups had similar numbers of outpatient visits (TEAMcare = 11.4, usual care = 12.3) and telephone encounters (TEAMcare = 10.1; usual care = 10.3 ).
RESULTS
Study Participants
Patient Self-Care: Medication Adherence and Self-Monitoring Medication adherence was high at baseline for both TEAMcare and usual care groups. Among patients refi lling oral hypoglycemic agents, the mean percentage of days with available medicines was 83%. The corresponding adherence rates were 85% for antihypertensive agents, 83% for lipid-lowering drugs, and 79% for antidepressant medicines. During the intervention period, medication adherence in the TEAMcare group did not increase substantially relative to the usual care group (Table 3) . At 12 months, however, the average rate of blood pressure self-monitoring was more than 3 times higher in the TEAMcare group compared with the usual care group (3.6 vs 1.1 days per week; RR = 3.20; P <.001); the average blood glucose monitoring rate was 4.9 days per week, and 3.8 days per week, respectively (RR = 1.28; P = .006).
Pharmacotherapy Initiation and Adjustment
Among patients who had not received pharmacotherapy for a specifi c condition, initiation of medicines to control diabetes and coronary heart disease risk factors (blood pressure, low-density lipoprotein cholesterol) occurred signifi cantly more frequently among TEAMcare patients than usual care patients. Adjusting for baseline clinical values, initiation over the year for the care management group was 3.5 times (95% CI, 2.0-6.3) that of the usual care group for antidepressant medicines and 2.7 times (95% CI, 1.1-6.2) for lipidlowering medicines. Initiation rates of antihypertensive and insulin therapy among the care management group also tended to be higher, 1.8 (95% CI, 0.7-4.9) and 2.2 (95% CI, 0.7-6.8), respectively.
In all 5 medication categories, pharmacotherapy adjustment rates (including medication initiations) were higher among TEAMcare patients than usual care patients over the intervention year. Table 4 shows that, compared with the usual care group, the treatment adjustment rate in the care management group was 6 times higher for antidepressant medications, 3 times higher for insulin, nearly double for antihypertensive and oral hypoglycemic medications, and 1.6 times higher for lipid-lowering medications. Figure 2 contrasts fi rst adjustment between TEAMcare and usual care groups for 4 of the 5 medication classes over the year-long intervention. Most fi rst adjustments occurred within the fi rst 2 months for the care management patients. Compared with the usual care group, the estimated rate of fi rst adjustment in the TEAMcare group was 10 times higher for antidepressant medications (78.9% vs 7.7%), and more than twice as high for antihypertensive agents (44.4% vs 18.7%) and insulin (41.1% vs 16.5%) in the fi rst 2 months. At 12 months, TEAMcare patients showed signifi cantly higher rate of fi rst adjustment relative to usual care patients in 3 of the 5 medication classes: antidepressant agents (87.8% vs 29.7%, P <.001), antihypertensive medications (78.9% vs 49.5%, P <.001), and insulin (52.2% vs 33.0%, P = .010). 
DISCUSSION
TEAMcare patients increased self-monitoring of key disease parameters relative to usual care patients. Primary care physicians received notices of abnormal disease in control measures for both groups. With TEAMcare support, however, the physicians provided more timely and frequent adjustment of pharmacotherapy. Medications used in this intervention were predominantly generic, commonly prescribed fi rst-and second-line medicines. Increases in medication dosage or addition of a pharmacologic class in the care management group occurred early in the intervention period (typically the fi rst 30 to 60 days). Contrary to our hypothesis, no differences in medication adherence were observed. It is noteworthy that baseline medication adherence rates were high (ranging from 79% to 86%) in both usual care and TEAMcare groups. Antidepressant treatment showed the most dramatic contrast, in that TEAMcare patients showed a sixfold increase in pharmacotherapy initiations and adjustments relative to usual care patients. A British study found that gaps in depression care were especially pronounced among elderly patients with coexisting diabetes and heart disease. 46 This study identifi ed methods for integrating mental health treatment and chronic disease care for complex patients. Treatment of depression is an important component of achieving improved outcomes among chronic disease patients with comorbid depression. Controlling depression to reduce hopelessness, helplessness, fatigue, and poor concentration may help patients collaborate more effectively with their physicians and more actively engage in self-care activities. Prior observational studies have found that lack of physician treatment adjustment appeared more problematic than patient medication adherence among patients with poorly controlled diabetes or heart disease. 17, 47 This randomized trial is the fi rst to assess modifi able patient and physician behaviors in achieving improved clinical outcomes. Increases in patient self-monitoring of blood pressure and blood glucose observed in this study support the relationship between better glycemic and blood pressure control and improved self-management. [48] [49] [50] CHD = coronary heart disease; HbA1c = glycated hemoglobin; LDL = low-density lipoprotein; PHQ-9 = 9-item Patient Health Questionnaire.
a Scored on a range from 0 to 27; higher score indicates greater depresson severity. Positive results for medication management and clinical outcomes in this randomized controlled trial stand in contrast to negative results of a large demonstration project of care management. 51 The redesign of primary care in this trial enabled care managers to convey treatment adjustments to the physicians on a timely basis. Key components of the TEAMcare program, based in the Chronic Care Model, 37, 52 include (1) collaboration among patients, care managers, and physicians in setting individualized goals and targets; (2) support for patient self-care; (3) population-based and systematic monitoring of patient progress; (4) timely pharmacotherapy adjustment to achieve treatment goals (treat-to-target); and (5) multidisciplinary consultants for case review with nurse care managers to ensure accountability in achieving optimal outcomes.
In addition to patient self-monitoring and treatment adjustments by physicians, it is likely that other core components of the intervention, such as the presence of a care manager to systematically monitor patient progress and support self-care activities and regular multidisciplinary case review, all contributed to better disease control. Effectiveness of collaborative care for depression, however, has been found in highly diverse care settings, with robust effect sizes among patients with little resources and lower medication adherence. 53, 54 Availability of electronic health records may curtail adoption by smaller practices. Generalizability of this study may be limited by focusing on highly complex patients with multiple uncontrolled chronic illnesses; these patients represent a small fraction of primary care patients at high risk for poor outcomes and generate much of the health care costs. Even so, the principles of systematic chronic illness care, treatto-target, and integration of treatment for mental and physical illnesses can be applied to most patients with chronic illnesses, regardless of whether they have depression or need intensive care management. Major quality improvement initiatives for diabetes and hypertension were implemented across the health plan during the study period and could have accounted for the relatively high medication adherence rates observed among usual care patients. For this reason, experimental differences observed between intervention and usual care patients may represent conservative estimates. Treatment adjustment by physicians, such as adding new medicines or dosage adjustments, may potentially lower adherence in the intervention group. The medication adherence measure used was derived from pharmacy refi ll data, which may be less sensitive in detecting changes in how patients take medicines (with more daily regularity). This measure was calculated as an average per therapeutic class per disease, because hyperglycemia, hypertension, and hyperlipidemia are often treated with multiple medications.
Results of this trial suggest that improving specifi c patient and clinician behaviors (close monitoring of disease control parameters and timely treatment adjustments to achieve individualized goals) can improve disease control and quality of life among patients with multiple conditions and complex health care needs. In view of the current state of fragmented care of individual patients, 5 a TEAMcare program, through which primary and specialty care services are integrated and coordinated to provide patient-centered services, offers a sorely needed framework and methods to improve outcomes of patients with chronic illness and coexisting mood disorders within the primary care medical home setting.
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